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Fig.1 Forced insertion system. 
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Fig.2 The appearance of processing materials. 
(Left:Metal rod, Right:Metal plate) 
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Fig.3 Position of laser cast. 
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Fig.4 Vibration speeds of rod and plate. 
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Fig.5 Vibration speeds of rod and plate in the use 
of rubber dumping. 
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Table1 Result of a forced insertion test. 
Rubber 
thickness? (mm)
Depth(mm) 
Phase(deg)
1st 2nd 
without 4.29 4.29 12.41 
2 4.48 4.48 28.60  
3 4.50  4.50  25.60  
4 4.50  4.50  35.47 
5 4.78 4.78 35.51 
6 6.04 6.05 38.64 
7 6.06 6.06 32.84 
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Fig.6 Modal analysis result of longitudinal 
vibration of a conical horn with grooves. 
 
 
 
 
 
 
 
 
 
 
 
 
(a) X-axis 
 
 
 
 
 
 
 
 
 
 
 
 
(b) Y-axis 
Fig.7 Modal analysis results of bending vibration 
modes of a conical horn with grooves. 
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Fig.8 Characteristics of vibrating velocities of 
rod (Z-axis).  
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Fig.9 Coordinate and measurement positions. 
 
 
 
 
 
 
 
 
 
 
(a) Driving frequency : 28.0kHz. 
 
 
 
 
 
 
 
 
 
 
(b) Driving frequency : 32.5kHz. 
Fig.10 Measured vibrating velocities of rod 
(X,Y-axis). 
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(a) Driving frequency : 28.0kHz. 
 
 
 
 
 
 
 
 
 
 
 
(b) Driving frequency : 32.5kHz. 
Fig.11 Measured lissajous figure of vibrating 
velocities. 
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Table 2 Result of forced insertion test. 
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Condition ? ? ? 
Shaft diameter 
[mm] 12.026 12.024 
Hole diameter 
[mm] 12.000 12.000 
Pressing force 
[N] 800 800 800 
Depth [mm] 2.58 2.77 3.11 
Inclination [°] 0.35 0.6 0.2 
- 1374 -日本音響学会講演論文集 2010年3月
